Detailed transmission electron microscopy (TEM), x-ray diffraction (XRD), and optical characterization of a variety of InN thin films grown by molecular beam epitaxy under both optimized and non-optimized conditions is reported. Optical characterization by absorption and photoluminescence confirms that the band gap of single crystalline and polycrystalline wurtzite InN is 0.70±0.05 eV. Films grown under optimized conditions with a AlN nucleation layer and a GaN buffer layer are stoichiometric, single crystalline wurtzite structure with dislocation densities not exceeding mid-10 10 cm -2 . Non-optimal films can be poly-crystalline and display an XRD diffraction feature at 2θ ≈ 33º; this feature has been attributed by others to the presence of metallic In clusters. Careful indexing of wide angle XRD scans and selected area diffraction patterns shows that this peak is in fact due to the presence of polycrystalline InN grains; no evidence of metallic
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In clusters was found in any of the studied samples. InN films were grown on sapphire substrates by molecular beam epitaxy [11, 12] .
The optimized growth method that results in epitaxial InN films with low electron concentration, high mobility and low dislocation density, uses an AlN nucleation layer and a GaN buffer layer deposited prior to InN growth. Non-optimized films grown directly on sapphire without the nucleation and buffer layers were also studied. InN film thicknesses ranged from 80 nm to over 2 µm for the samples used in this study. The films used here were nominally undoped with electron concentrations measured by Hall effect ranging from high 10 17 cm -3 to mid-10 19 cm -3 . InN films with relatively low electron concentrations had room temperature mobilities in excess of 1000 cm 2 V -1 s -1 .
XRD in the theta-two-theta coupled geometry using Cu K α x-rays was employed to evaluate the presence of secondary phases and/or polycrystallinity. The microstructure 4 of the InN films was investigated in detail by TEM in cross-section and plan-view configurations. A JEOL 3010 transmission microscope operating at 300 keV was used in classical bright field, high resolution, and selected area electron diffraction (SAD) modes.
Care was taken in the sample preparation and examination to avoid conditions that would decompose the InN and potentially form metallic In.
Optical absorption measurements were performed with a CARY-2390 NIR-VIS- All the samples with the structural characteristics of good quality InN show both strong room temperature PL and a well resolved absorption edge at about 0.7 eV. Figure   3 shows the PL and absorption spectra (dashed) from the sample shown in Fig. 2(a) . The absorption curve for this sample is smooth and does not show signs of any additional edges and/or resonances.
Our XRD results are in sharp contrast to the results presented in reference 8 that showed a diffraction peak at 2θ≈33º with intensity up to a third of that from the (0002) diffraction peak of the host InN film. The authors attribute this "anomalous" diffraction peak to metallic In present in "non-stoichiometric In-rich" InN film. We note that such a pronounced (101) diffraction peak of metallic In could be observed only if there were a large density of large, micron-sized In clusters present in the films.
To elucidate the origin of the "anomalous" 33º XRD peak we have investigated a InN film grown directly on sapphire without the AlN nucleation layer and the GaN buffer layer. As a result of these non-optimal MBE growth conditions, this InN film is expected to be of poor crystalline quality. RBS measurement aligned in the growth direction shows that the film is a 80 nm thick stoichiometric InN with poor epitaxial quality (minimum yield channeling yield χ~0.90). The XRD pattern for this film (GS1489) is shown in Fig. 1 (b) ; a peak at 33º is observed. The XRD pattern shown in Fig. 1 (b) also
shows that in addition to the 33º peak, diffraction peaks at ≈52º (d=1.76Å), 63º (d=1.48Å), and 69º (d=1.36Å) are also present. These, and the 33º peak, can all be assigned to diffraction peaks of random InN grains.
Additional evidence for the absence of metallic In in this film was obtained by TEM. A typical micrograph and electron diffraction pattern of the InN film grown directly on sapphire (GS1489) are shown in Fig. 2(b) . The micrograph and the ring pattern in the SAD (inset) clearly reveal that the film is polycrystalline in nature. Using the sapphire substrate as an internal standard to precisely determine the camera length, all consecutive diffraction rings in the SAD pattern could be assigned to InN. The interplanar distances d obtained from the SAD and XRD from GS1489 are tabulated in Table 1 . 
